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SUMMARY 

Mandibular glands of the ant, Wasmannia auropunctata, contain 2,5-dimethyl-3-isopen- 
tylpyrazine, a compound ;vhich at t racts  nes tmates  to disturbed ,workers. During inter- 
specific aggressive encounters,  this small ant may utilize the alkylpyrazine as a repellent 
as 'well as disabling opponents  'with its potent  sting venom. Alkylpyrazines have been 
previously identified as cephalic products  from ants of the subfamilies Ponerinm, Formi- 
cinae, and Dolichoderinm but this is the first  repor t  of an alkylpyrazine from the mandi- 
bular glands of a member  of the Myrmicinae. 

ZUSAMMENFASSUNG 

Verha!tensreaktionen auf ein aus den Kieferdriisen der Ameise, 
Wasmannia aurapunctata, stammendes Alkylpyrazin 

Die mandibularen Drtisen der  Ameise Wasmannia auropunctata enthal ten 2,5-dimethyl- 
3-isopentyIpyrazin, eine Verbindung mit  der andere gleich-artige Nestbewohner  yon gestor- 
ten Arbeitern herbeigelockt ~werden. lN~ihrend einer aggressiven inters!Sezifischen Bege- 
gnung kann die kleine Ameise das Alkylpyrazi n als ein Abstossungsmittel  benutzen und 
ihren Opponenten noch dazu mit  ihrem wir, kungsvollen giftigen Stich untauglich machen. 
Alkylpyrazine sind schon frfiher in Vertreten der Unterfamilien Ponerir~e, Formicinze und 
Dolichoderinm gefunden ,worden, jedoch ist dies der erste Bericht fiber Atkylpyrazine in 
den mandibularen Driisen einer Art der Myrmicinm. 

INTRODUCTION 

Among social insects, small size need not be equated 'with defensive 
inadequacy. What many diminutive ant species lack in stature, they more 

Hymenoptera  : Formicid~e. 



370 D.F. HOWARD, M.S. BLUM, T.H. JONES, M.D. TOMALSKI 

than adequately  compensate  for  wi th  remarkable  chemical  arsenals.  The 
diminutive thief ant, Solenopsis (Diplorhoptrum) 1ugax, for  example, is able 
to p lunder  b rood  f rom the nests of much  larger species by repelling them 
with a potent  pyrrol idine-dominated secretion (HOLLDOBLER, 1973; BLUM et 
aL, 1980), and other  small species such as Monororium pharanois are similarly 
chemically endowed (HOLLDOBLER, 1973). 

Another Lilliputian, yet highly successful ant, is Wasmannia auropunctata 
(Roger), whose  workers  measure  approximately  1.5 m m  in length. This myr- 
micine originates f rom the Neotropics and has been in t roduced  into the U.S. 
in Florida, nesting in the soil or  opportunist ical ly under  tree ba rk  and in 
o ther  cavities. Often forming huge, diffuse colonies in citrus groves, W. 
auropunctata forages openly for homopte ran  honeydew, insects, and o ther  
materials  (SMITH, 19~5), with the workers  moving at a notably slow pace 
along extensive trail systems (SPENCER, 1941). 

Very little is known of ei ther  the defensive behavior  or alarm communi-  
cation cf  this ant. It  is sometimes the only ant species foraging in heavily 
infested trees, suggesting an ability to repel potential  compet i tors  (SPENCER, 
1941). It  is not  unlikely that  the venom of W. auropunctata contr ibutes  to 
its defensive capabilities, especially since the sting of this diminutive ant  is 
repor ted  to be inordinately painful to humans  (WHEELER, 1929). 

TO elucidate fu r ther  the defensive and communicat ive  capabilit ies of 
this species, we studied the responses of W. auropunctata workers  to s tressed 
nestmates  and to aggressive t rea tment  by other  ants. Establishing that  the 
mandibular  gland secretion plays an impor tan t  pheromonal  role in such 
situations, we investigated its chemical composition. 

MATERIALS AND M E T H O D S  

Several smal l  colonies of W. auropunctata ,were collected in Key 'West, Florida and 
housed  in artificial nes ts  in the laboratory.  Each nest,  consis t ing of a pair  of plast ic  petr i  
dishes ~vith mois tened  Castone | flooring, was  s i tua ted  in a large plastic box which  served 
as a foraging arena.  A coat ing of Fluon | prevented  the an ts  f r om scaling the a rena  walls 
and the colonies were regularly fed minced insects  and  50 % honey water .  

Observat ions  were made  on react ions of W. auropunctata foragers  to " s t r e s s e d "  
nes tmates .  S t ress  was  induced by pinching the legs of a ,worker wi th  forceps and  holding 
it j u s t  out  of reach of its foraging sisters .  To de termine  sources  of a t t rac t iveness  in 
the ,workers'  bodies, an t s  ,were anesthet ized wi th  nitrogen,  t r isected into head, thorax  and 
gaster ,  and  af ter  being c rushed  bet~veen two fi l ter paper  discs (6 m m  diameter) ,  the  filter 
paper  sand~viches ,were in t roduced into the arena.  The t reated discs and  a pa i r  of empty ,  
control  discs were  posi t ioned 5 cm f rom one ano the r  and  an equal  dis tance f rom the nes t  
with  their  order  randomized in 12 replicates.  At three minu tes ,  the n u m b e r  of foragers  
at each disc -~vas noted. Similar  disc-tests compared  the effects of ext racts  of body pa r t s  
wi th  synthet ic  mater ia l  and  solvent  controls .  

Individual  W. auropunctata workers  were also placed in the  foraging a renas  of colo- 
nies of Solenopsis invicta and Monomorium minimum. The d is t r ibu t ions  of W. auropunc- 
tata and the o ther  t~vo species overlap in sou the rn  Florida and they are Ekely to encoun te r  
one ano the r  f requent ly  in the field. 
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Extracts of macerated W. auropunctata body parts ,were prepared in methylene 
chloride, carbon disulphide, acetone or ether, and volatiles 'were analyzed on a LKB-9000 
gas chromatograph-mass spectrometer (GC-MS). OV-1 and OV-17 columns ~vere used vcith 
column temperatures programmed from 30 to 200~ ~ per minute. Some extracts were 
treated 'with diazomethane and analyzed for the presence of methyl esters by GC-MS. 

R E S U L T S  

In  both the field and the laboratory,  W. auropunctata workers  move a t  
a sluggish rate. This may have part ly been illusory, s temming f rom the 
small size of the workers,  but  even on uncomfor tably  hot  af ternoons,  when 
entire colonies were suddenly unearthed,  the ants moved relatively slowly. 
However, the introduct ion of stressed 'workers into foraging arenas resulted 
in foragers moving somewhat  more rapidly and usually toward  the stimulus. 
Ants were at t racted from as far as 2-3 cm and quickly accumula ted  beneath 
the captive ant. They frequently probed upward,  reaching wi th  forelegs, 
antennae and open mandibles. Crushed, immobile workers  proved equally 
effective stimuli but  bits of filter paper  or aged 'worker corpses did not. 
Subsequent  experiments demonst ra ted  that  the foragers '  responses were 
predominant ly  mediated by olfactory cues. 

Foragers 'were at t racted to the head significantly more  than to other  
body parts  (p < .05, ANOVA). Three minutes after introduction,  4.42 ants 
(mean ----- S.E. of 0.40) were at the crushed heads but  only 1.33 (-- 0.47) 
'were at the thorax, 1.17 (----- 0.32) at the gaster and 1.33 (-- 0.31) at controls.  
Behaviors such as opening of mandibles and biting or tugging at paper  discs 
occurred occasionally with all body parts  but  only rarely wi th  controls.  
Stinging 'was never observed nor  did workers  display overt  aggression 
towards one another. 

A single volatile compound  was detected in methylene chloride extracts 
of 150 workers.  The compound possessed a base peak at m / z  (mass /charge)  
122 and additional peaks at m / z  178, 177, 163, 149, 136, 135, 123, 121, 108, 
107, 80, 53, 51, 42, 41, and 40. This spec t rum is identical to tha t  repor ted  
for either 2,5-dimethyl-3-(3-methylbutyl)-pyrazine (2,5-dimethyl-3-isopentylpy- 
razine) or 2,5-dimethyl-3-n-pentylpyrazine (STENHACEN et al., 1974 a). Direct 
comparison and coinjection (2 m • 2 m m  i.d. column packed wi th  4 % OV-1 
on Gas ChromQ ; 70 ~ C isothermal) revealed identical retent ion times for the 
former  alkylpyrazine and the natural  material.  The retent ion t ime of 2,5- 
dimethyl-3-n-pentylpyrazine was different f rom that  of the natura l  product .  

2,5-Dimethyl-3-isopentylpyrazine was detected in carbon disulphide 
extracts of the heads of 50 workers ,  but  no violatiles could be detected in 
extracts of their gasters. This pyrazine was demonst ra ted  to be present  in 
extracts of 40 dissected mandibular  glands. 

Initially, we estimated that each ant contained approximately  2 ng of 
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alkylpyrazine.  However ,  t r ea tmen t  of cephal ic  ext rac ts  wi th  d iazomethane  
revealed that  ind iv iduals  could contain  m o r e  t h a n  100 t imes as m u c h  of this 
compound .  Significantly, substant ia l  amoun t s  of f ree  fa t ty  acids xvere also 
detected in ext rac ts  of the head and  m a n d i b u l a r  glands. Fat ty  acids fo rm 
weak  nonvolat i le  salts wi th  2,5-dimethyl-3-isopentylpyrazine (a base) ,  xvhereas 
methy la t ion  of the fa t ty  acid frees more  of the base  for  detect ion by  GLC. 

Fil ter  p a p e r  discs impregna ted  xvith doses of a lkylpyrazine  in the 1 ant  
equivalent  range elicited increased tocomotory  ra tes  among  foragers ,  a res- 
ponse  s i m i l a r  to tha t  sho'wn to cephalic extracts ,  bu t  not  to controls .  One 
minute  af ter  p lacement  in the fo rag ing  arenas,  12.1 (mean  -- S.E. of 1.1) 
ants  were  a t  discs t rea ted  'with head extracts ,  5.4 -- 0.7 were  at a lkylpyrazine 
baits,  and 0.1 -- 0.1 'were at controls.  The compound  ~vas never  m o r e  than  
t w o  thi rds  a s  effective as extracts  f r o m  a single head. A dose of 10 to 20 
ant  equivalents  did not  enhance the a t t rac t iveness  of the a lkylpyrazine- t rea ted  
discs. 

W .  auropunctata worker s  displayed a r e m a r k a b l e  var ie ty  of behaviors  
dur ing ,encounters wi th  o ther  ants. These ranged  f r o m  lunging for  and sting- 
ing the first  alien worke r  encountered  to tucking in thei r  legs and antennae,  
si t t ing immobi le ,  and permi t t ing  foreign xvorkers to pick t hem up  be tween  
their  mandibles .  The latter,  apparen t ly  submiss ive  behavior ,  usual ly termi- 
na ted  'with t h e  smal ler  'workers being deposi ted and escaping unha rmed .  

The sting of W. auropunctata appea red  to be a par t icu lar ly  effective 
w e a p o n ;  M .  minimum worker s  succumbed  vcithin seconds of being stung. 
Some aggressive encounters  ended r a the r  abrupt ly .  S, invicta workers ,  which  
had  been-s t ruggl ing  with those of W. auropunctata, suddenly re leased their  
d iminut ive  foes, s taggered ~way, and g roomed  their  appendages  for  pro longed 
periods.  Fu r the rmore ,  M. minimum foragers ,  which  had  su r rounded  a Was- 
mannia x~orker, s topped  antennat ing or  p rob ing  it 'with thei r  mandib les  and 
d isbanded  even though the smaller  ant  made  no obvious movement s .  

These observa t ions  suggested tha t  Wasmannia is chemical ly  defended 
dur ing interspecif ic  encounters ,  pe rhaps  utilizing the mandib t / la r  gland 
secret ion as a repellent.  We tested the repel lency of 2,5-dimethyl-3-isopentyl- 
pyrazine by applying i t t o : p i e c e s  of meal .worms (Tenebrio motitor) and moni- 
tor ing acceptance  b y  worke r s  of M. minimum. Less than  oneth i rd  as m a n y  
M. minimum foragers  fed at  meal 'worms t rea ted  wi th  5 ant  equivalents  of 
a lkylpyrazine than  at  meal 'worms tha t  received only acetone solvent (mean  -- 
s t a n d a r d  error ,  3 . 0 0 •  1.36 versus 9.57 ----- 1.23). Fewer  ants  contac ted  the 
t rea ted  bai ts  than  controlS, and those which  did usual ly  w i thd rew rapidly.  

D I S C U S S I O N  

Alkylpyrazines have been found in o ther  species of ants,  bu t  this is the 
f irst  r epo r t  o f  these compounds  as cephalic p roduc t s  of the Myrmicin~e, a 
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subfami ly  whose mand ibu la r  gland secret ions are domina ted  by  ethyl  ketones  
(BLUM and HERMANN, 1978). Ponerines  have provided the ma jo r i t y  of exam- 
pies, wi th  one or more  such compounds  identified in species in 5 genera 
(WHEELER and BLUM, 1973; DUFmELD et al., 1976; LONGHURST et al., 1978). 
Alkylpyrazines have also been detected in Calomyrnex spp. (BROWN and 
MOORE, 1979), an Austral ian m e m b e r  of the subfami ly  Formicina~, and in 
I r idomyrmex  humilis  (CAVILL and HOUGHTON, 1974), a dolichoderine.  Interest-  
ingly, in the three  previous cases where  only a single pyrazine was  detected 
as a mand ibu la r  gland p roduc t  (DUFFIELD et al., 1976; WHEELER and BLUM, 
1973), the compound  was always 2,5-dimethyl-3-isopentylpyrazine and  the 
resul ts  wi th  W. auropunctata are in keeping wi th  this pa t te rn .  The recur- 
ren t  appea rance  of alkylpyrazines in widely diverse taxa suggests  tha t  these 
compounds  play .an impor tan t  role in the biology o f  many  ant  species. 

The mand ibu la r  glands have usually proven  to be  the source  of 
formicid alkylpyrazines  and the compounds  have generally been  found to 
elicit in t raspecif ic  a larm.  For example,  LONGHURST et al. (1978) de te rmined  
that  worke r s  of the poner ine  Odontomachus troglodytes respond  to 3 of their  
4 a lkylpyrazines wi th  behaviors  ranging f rom increased a ler tness  to outr ight  
at tack.  An exception may  exist in I r idomyrmex  humilis, however ,  since 
ROBERTSON (pers.  comm.  in CAVILL and HOUGHTON, 1974) could not  demons- 
trate an a l a rm funct ion for the alkylpyrazines in worke r s  of this dolicho- 
derine species. The uti l ization of a pyrazine derived f rom the po ison  gland, 
as a trail  phe romone  by Atta sexdens rubropilosa (CROSS et at., 1979), also 
demons t ra t e s  that  this class of compounds  is p roduced  in abdomina l  glands 
of at  least  one formicid  species. 

Our resul ts  show tha t  2,5-dimethyl-3-isopentylpyrazine excites and  a t t rac ts  
W. auropunctata workers ,  but  it l ess  effectively holds w o r k e r s  near  the 
source of emiss ion than  s t ressed ants or  extracts  of heads. P r e sumab ly  the 
synthet ic  a lkylpyrazine is more  volatile than the natura l  p roduc t  which  is 
present  in admix ture  'with lipids in the p repa red  extracts.  I t  is possibi le  that  
workers  are drawn to the source by  the alkylpyrazine,  but  r ema in  in the 
vicinity due to their  eventual  detect ion of less volatile compounds .  

WHEELER and BLUM (1973) de te rmined  that  a lkylpyrazines  f r o m  Odonto- 
machus spp. can repel  Solenopsis invicta worke r s  and suggested tha t  these 
compounds  may  serve bo th  a la rm and defensive functions.  The a lkylpyrazine 
in W. auropunctata also appears  to enhance its defenses, based  on the out- 
come of interspecif ic  aggressive interact ions and the c o m p o u n d ' s  adverse  
effect  on 'workers  of Monomorium min imum.  I f  fa t ty  acids are  componen t s  
of the mand ibu la r  gland secretion, they could act as a spreading agent,  analo- 
gous to a l iphat ic  hydrocarbons  which spread  formic  acid f r o m  the venom 
of ants  on to  the cuticle of thei r  foes (REGNIER and WILSON, 1968). Fur ther  
work  is needed to clarify this point .  

The sting of W. auropunctata is a highly effective weapon,  lethal  against  
o ther  ants,  and capable  of inflicting painful  burn ing  sensat ions in h u m a n s .  



374 D.F. H O W A R D ,  M.S.  BLUM,  T.H. J O N E S ,  M.D. T O M A L S K I  

The  pa in  is r e m i n i s c e n t  of  t h a t  p r o d u c e d  by  a lka lo ida l  f i r e  an t  v e n o m s  (MAc- 

CONNELL et al., 1974), b u t  o u r  c h e m i c a l  ana lyses  d id  no t  r evea l  any  d e t e c t a b l e  

vola t i les  in the  gas te r s  of  W. auropunc ta ta .  
We thus  env i s ion  W. a u r o p u n c t a t a  as be ing  e q u i p p e d  w i t h  a t r i p a r t i t e  

de fense  s y s t e m :  In  aggress ive  e n c o u n t e r s  it  c an  b o t h  e m p l o y  i ts  f o r m i d a b l e  
v e n o m  and  s i m u l t a n e o u s l y  b i t e  o r  app ly  an  i r r i t a t i n g  s e c r e t i o n  w i t h  i ts  

m a n d i b l e s .  Th i rd ly ,  r e i n f o r c e m e n t s  can  be  r e c r u i t e d  as vo la t i l e s  f r o m  the  

de fens ive  s e c r e t i o n  are  d e t e c t e d  by  n e a r b y  n e s t m a t e s .  S u c h  a s y s t e m  requ i -  

res  f ie ld  tes ts  fo r  c o n f i r m a t i o n ,  b u t  i t  can  be  p r e d i c t e d  to  be  p a r t i c u l a r l y  
a d v a n t a g e o u s  in a species  w h i c h  mass - fo rages ,  as W. a u r o p u n c t a t a  is k n o w n  

to do (SPENCER, 1941). I t  m a y  also he lp  to  exp la in  the  p e c u l i a r  r e l u c t a n c e  of  

W. a u r c p u n c t a t a  w o r k e r s  to d i s p e r s e  and  b e c o m e  less o b t r u s i v e  'when t h e i r  

nes t s  a re  s u d d e n l y  exposed.  The i r  l i m i t e d  l o c o m o t o r y  capab i l i t i e s  c o u l d  be  

e f f ec t ive ly  c o m p e n s a t e d  for  by r e m a i n i n g  in g r o u p s  and  a g g r e g a t i n g  t h e i r  

p o t e n t  s t ing ing  and  r epe l l en t  defenses .  
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